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TinnitusAbstract This study was conducted to determine the injurious effects of noise on the hippocampus,
and to show whether Ginkgo biloba (Gb) has any modulatory effect on hippocampal injury. Fifteen
adultmale albino rats were divided into three groups; control group, noise group and protected group.
The noise group was exposed to 100 dB Sound pressure level (SPL) white noise, six hours/day for four
consecutiveweeks. The protected groupwas exposed to the same noise level with the administration of
Gb extract to the animals (50 mg/kg daily) for 4 weeks. In the noise exposed group, both pyramidal
cell layer and dentate gyrus (DG) granular cell layer showed a decrease in thickness with loss and
degeneration of many cells. The protected group showed preservation of many parameters as
compared to the noise group i.e. increase in thickness of CornuAmmonis area3 (CA3)&DG; increase
in surface area of cells and increased vascularity. In conclusion, noise had detrimental effects on cells
of Cornu Ammonis area1 (CA1), CA3 &DG of the hippocampus. In view of this ﬁnding, the clinical
auditory hazardous effects in people exposed to harmful noise such as tinnitus, as well as memory
disturbances and learning disabilities might have a new dimension. The administration of Gb
protected the hippocampus against the injurious effect of noise. The probable mechanism and
usefulness of Gb in reducing the previously mentioned effects are discussed.
ª 2014 Egyptian Society of Ear, Nose, Throat and Allied Sciences. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
In everyday life, cognitive tasks are often performed in the
presence of task-irrelevant environmental noise. Accordingly,
numerous studies on noise effects showed that it may evoke
substantial impairments in cognitive performance.1 It is esti-
mated in the European Union countries that approximately
40% of the population is exposed to road trafﬁc noise exceed-
ing 55 dB sound pressure level (SPL), while about 20% are
exposed to levels more than 65 dB. Trafﬁc noise pollution ised.
232 A. Abousetta et al.also severe in cities of developing countries and can reach 75–
80 dB each day.2 It was found that noise exposure induces psy-
chological disorders, impairs learning and memory acquisition,
consolidation and recall functions3, with possible involvement
of the hippocampus.4 Prenatal auditory stimulation of chicks
by noise at 110 dB SPL negatively affected the spatial orienta-
tion as well as the spatial learning and memory.5
It is documented in previous researches that the hippocam-
pus is among sites in the brain that coordinates spatial learning
andmemory.6 It is also found to be the ﬁrst brain region affected
in age associated impairments of the brain like Alzheimer’s dis-
ease.7 Moreover, hippocampus is also known to respond to
sound stimulation8and seems to play a role in auditory sensory
gating9and tinnitus.10 It has been reported recently that noise
might lead to damage of the hippocampus.3,11
Ginkgo biloba (Ginkgoaceae) is an important and widely
used herb of the Chinese traditional medicine. It was known
to have a variety of biological and pharmacological properties
that made it useful as a cardioprotective, antiasthmatic, and
antidiabetic agent.12 In addition, it had been shown to possess
neuroprotective properties against hypoxia, ischemia, seizure
activity and peripheral nerve damage.13 In accordance, it was
shown – in clinical researches – to be effective in treating
dementia in Alzheimer’s disease and in enhancing memory
and cognition14 and improve the capacity of geriatric patients
to cope with the stressful demands of daily life.15
There has been no research – up to our knowledge – that
proved protective effect of Gb administration against hippo-
campus involvement due to noise exposure. The aim of this
work was to explore the effects of noise exposure on the differ-
ent regions of the hippocampus with possible auditory clinical
correlate and also to investigate the efﬁcacy of Gb extract in
protection against these effects.
2. Methodology
2.1. Animals
Fifteen adult male Sprague Dawley albino rats aged from six
to eight weeks and weighing 150–200 grams were used in this
study. They were housed individually in clean wire mesh cages
under standard conditions of temperature 30 ± 2 C with reg-
ular 12 h light/12 h dark cycle and were fed standard diet and
water ad libitum. All experimental procedures were performed
after approval of ethics committee (FMASU 1554/2013), and
in accordance with guidelines of the Institutional Animal Care
and Use Committee of the research center – Faculty of
Medicine – Ain shams University.
Rats were divided into three groups (5 rats for each group):
Group I (control group): animals were given 1 ml of distilled
water (DW) by gastric gavage and were sacriﬁced after four
weeks.
Group II (noise exposed group): exposed to noise for four
weeks.
Group III (protected group): exposed to noise as group II
andGbwas administered throughout the noise exposure period.
2.2. Noise exposure
The experimental animals were exposed to 100 dB-(SPL) white
noise, 6 h/day for 4 weeks. The animals were put in a cage witha loud speaker Star 200 watt, connected to noise generator
Beltone model NB 103, installed 30 cm above their cage. The
level of the produced noise was checked using Sound Level
Meter model Quest 2008. To avoid the inﬂuence of handling-
stress on evaluation of effects due to noise exposure, control
rats were kept in the above-described cage during the corre-
sponding period of time, without noise stimulation.
2.3. Drugs
Ginkgo biloba (Gb): Tanakan tablets contain 40 mg of the pure
extract made of leaves of maidenhair tree. Tablets were ground
and suspended inDW, then, the suspension was administered to
the animals by gastric gavage in a dose of 50 mg/kg daily.16 It
was calculated that an oral dose of 240 mg in humans corre-
sponds roughly to an oral dose of 50 mg/kg in rats.17
2.4. Histological study
2.4.1. Light microscopy (LM)
At the end of the experimental period, rats were anaesthetized
using ether, then, sacriﬁced with a lethal dose of ether accord-
ing to the protocol of Animal care and Use Committee of Ain
Shams University. The right hippocampus was extracted, ﬁxed
in 10% formal saline for 5 days, dehydrated, cleared and
embedded in parafﬁn. Sagittal sections of the hippocampus
(5 lm thick) were cut and stained with H&E.18
2.4.2. Transmission electron microscopy (TEM)
The left hippocampus was extracted. Samples were ﬁxed in phos-
phate buffered formal glutaraldehyde (2.5%) and post-ﬁxedwith
a 1%osmium. The specimens were then dehydrated, cleared and
embedded in epoxy resin. Ultra thin sections (60 nm) were cut
and examined using a transmission electron microscope (JEOL
1010 EX II, Japan) at the regionalMycology and Biotechnology
center, AL-Azhar University, Cairo, Egypt.18
2.4.3. Morphometric and statistical analysis
Measures were obtained from all animals in the group. Five
specimens from ﬁve different rats of each group were examined
(n= 5). For each specimen, ﬁve different non overlapping
high power ﬁelds (·400) were captured by a digital camera
Olympus (DP 20(. Five different readings from every captured
photo were counted and the mean was calculated for each
specimen. Image analysis procedures were done using image
pro-express program (version 6).
Measurements were counted by an independent observer
blinded to the specimens’ details to perform an unbiased
assessment.
2.4.3.1. The following morphometric data were measured;.
 The thickness of the pyramidal cell layer in CA1 and
CA3 regions (lines were drawn vertically – perpendicu-
lar to the pyramidal-molecular layers junction – from
the upper most pyramidal cell to the lower most one
detected in each line drawn. The line is then measured
by the software.).
 The thickness of the granular cell layer in the dentate
gyrus (DG) (lines were drawn vertically – perpendicular
to the line separating the granular cells from the hilus –
from the upper most granular cell to the lower most
Figure 2A The CA1 area of the hippocampus of the control
group shows three layers; polymorphic layer (O), pyramidal layer
(P) and molecular layer (M). The pyramidal cells are densely
packed and have large vesicular nuclei (›); their processes (››) are
well apparent in the molecular layer. The dark vertical line
represents the thickness of the pyramidal cell layer. The scale bar
represents 50l. (control group, H&E, ·400).
Figure 2B Apparent decrease in the number of pyramidal cells
in CA1 region of the noise group is noted. The cells appear loosely
packed. The dark vertical line indicates apparent decrease in the
thickness of the pyramidal cell layer compared to the control
group. The scale bar represents 50l. (Noise group, H&E, ·400).
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then measured by the software).
 The surface area of the pyramidal cells in CA1, CA3
regions and granular cells in the DG (a line was drawn
around the circumference of the pyramidal cell body
(soma) or granular cell body respectively. Then, the
surface area was measured by the software.
2.4.3.2. Statistical analysis. The measured variables were pre-
sented as Mean ± standard error of the mean (SEM). Statisti-
cal analysis was performed using SPSS 17 program. Analysis
of variance (one-way ANOVA) was done followed by least sig-
niﬁcant difference test. P value less than 0.05 was considered
signiﬁcant.
3. Results
It is worth mentioning that it has been observed that the ani-
mals after exposure to noise (in both noise exposed and pro-
tected groups) became more irritable, aggressive and even
harmful to each other.
3.1. LM and statistical results
Examination of the control group stained with H&E showed
the hippocampus as a big C-shaped structure called Cornu
Ammonis ‘‘CA’’ and another interlocking c or v shaped area
namely the dentate gyrus (DG). The Cornu Ammonis was
formed of 3 areas CA1, CA2 and CA3 (Fig. 1). As CA2 is
small and not well-deﬁned, CA1 and CA3 regions were only
examined.
The CA1 region was formed of three layers; polymorphic
layer, pyramidal layer and molecular layer. The pyramidal
layer contained closely packed pyramidal cells with large vesic-
ular nuclei and had their processes in the molecular layer. Few
scattered glial cells could also be identiﬁed (Fig. 2A).
Examination of the noise exposed group revealed apparently
decreased thickness of the pyramidal cell layer in CA1 region in
comparison to the control group (Fig. 2B), which was found to
be statistically signiﬁcant (Histogram 1). The pyramidal cell
layer appeared shrunken, loosely packed with apparentFigure 1 The hippocampus proper of the control group appears
as big C. The three areas of the hippocampus (CA1), (CA2) and
(CA3) can be identiﬁed. CA3 area is seen projecting into the
dentate gyrus (DG). (control group, H&E, ·100).decrease in their number. Moreover, most of the cells showed
dark cytoplasm and small pyknotic nuclei (Fig. 2A). The
surface area of pyramidal cells of CA1 of this group signiﬁ-
cantly decreased in comparison to the control group (Histo-
gram 2). On the other hand, the thickness of the pyramidal
cell layer of CA1 of the protected group was apparently
increased compared to the noise exposed group (Fig. 2C). This
increase was statistically signiﬁcant compared to noise and
even to the control group (Histogram 1). Moreover, the cells
of CA1 of the protected group showed a signiﬁcant increase
in their surface area as compared to the noise group (Histo-
gram 2). It was noted that most of the neurons in CA1 showed
large vesicular nuclei. In addition, increased vascularity was
also noted with the appearance of many congested blood ves-
sels (Fig. 2C).
The CA3 region of the control group was also formed of sim-
ilar layers to CA1; polymorphic, pyramidal and molecular lay-
ers. The pyramidal cells showed large vesicular nuclei (Fig. 3A).
Examination of CA3 region of the noise exposed group
revealed similar results as seen in CA1 such as apparent
Histogram 1 Showing the thickness of CA1, CA3 and DG in different groups (in lm). Data are presented as mean ± SEM, *statistically
signiﬁcant from the control group, +statistically signiﬁcant from the noise group.
Histogram 2 Representing the surface area of cells in different groups in (in lm2). Data are presented as mean ± SEM, *statistically
signiﬁcant from the control group, +statistically signiﬁcant from the noise group.
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pyramidal cell layer compared to the control group
(Fig. 3B). The latter ﬁnding was found to be statistically signif-
icant (Histogram 1). Pyramidal cells were few, dispersed, dark,
and shrunken and had pyknotic nuclei (Fig 3B), with a signif-
icant decrease in surface area compared to the control group
(Histogram 2).
The thickness of the pyramidal cell layer of CA3 of the
protected group showed a signiﬁcant increase in thickness in
comparison to the noise exposed group (Histogram 1),
while it appeared near that of the control group (Fig. 3C).
On the other hand, most of the neurons showed a signiﬁcant
increase in surface area in comparison to the noise group
(Histogram 2). They also showed large vesicular nuclei. More-
over, there was increased vascularity with many congested
blood vessels (Fig. 3C).The DG of the control group could be recognized as an
inverted C- or V-shaped region surrounding CA3 area of the
hippocampus (Fig. 1). It was also formed of 3 layers; namely
the molecular, granular and polymorphic layers. The granular
cell layer was formed of densely packed cell bodies of the
granule cells. The polymorphic contained the granule-cell
axons and loosely packed polymorphic cells (Fig. 4A).
Examination of the granular cell layer of the DG in the noise
exposed group showed apparently decreased thickness com-
pared to the control group (Fig. 4B), which was found to be
statistically signiﬁcant (Histogram 1). The cells were shrunken
with dark cytoplasm, pyknotic nuclei and increased white
space around them (Fig. 4B). There was apparent decrease in
the cell number as they appeared few and loosely packed.
Moreover, their surface area was signiﬁcantly decreased
compared to the control group. (Histogram 2).
Figure 2C Apparent increase in the thickness of the pyramidal
cell layer is seen in comparison to the noise group as denoted by
the vertical black line. Many pyramidal cells of CA1 region of the
protected group with vesicular nuclei are shown (›). Note
increased blood vessels (m). The scale bar represents 50l.
(Protected group, H&E, ·400).
Figure 3A The CA3 region of the control group, with evident
three layers; the polymorphic (O), the pyramidal (P), and the
molecular (M). The pyramidal cells are having large vesicular
nuclei (›). The black vertical line indicates the thickness of the
pyramidal layer. The scale bar represents 50 l. (Control group,
H&E ·400).
Figure 3B The CA3 region of the noise group with apparent
decrease in pyramidal cell density. The cells were few, dispersed,
dark, shrunken with pyknotic nuclei. The black vertical line
indicates a decrease in the thickness of the pyramidal layer. The
scale bar represents 50l. (Noise group, H&E, ·400).
Figure 3C The thickness of pyramidal cells of CA3 region of the
protected group appeared near that of the control group as
indicated by the black vertical line. Most of the cells showed large
vesicular nuclei (›). The scale bar represents 50l. (Protected
group, H&E, ·400).
Figure 4A DG of the control group showing its layers; the
superﬁcial molecular layer (M), the granular cell layer (G) and the
polymorphic cell layer (O). The scale bar denotes 50 l. (Control
group, H&E, ·400).
Figure 4B The DG of the noise group showing decrease
thickness of the granular cell layer compared to the control group
as indicated by the black line. Few granule cells are noticed that
appear loosely packed and many of them are dark shrunken with
an increase in the space around them. The scale bar represents
50l. (Noise group, H&E, ·400).
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group appeared near that of the control group (ﬁg. 4C). While
they were signiﬁcantly increased when compared to the noise
Figure 4C Protected group shows an increase in the thickness of
the granular cell layer compared to the noise group as denoted by
the black line. The scale bar represents 50l. (Protected group,
H&E, ·400).
Figure 6 Neurons from the noise group; the nuclei of some cells
show irregular contour but dispersed chromatin (N). Others show
displaced nucleoli to the periphery (›). Notice many others have
darkened electron-dense cytoplasm and shrunken irregular cell
bodies (D). Inset shows irregular mitochondria with disrupted
cristae (›). The scale bar represents 2l. (TEM, ·4000, inset
·15,000).
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signiﬁcant increase in their surface area compared to the noise
group. However, it was still signiﬁcantly less than the control
group (Histogram 2).
3.2. TEM results
The pyramidal cells of the control group showed regular
nuclear membrane and dispersed nuclear chromatin (Fig. 5).
Pyramidal neurons of the noise exposed group showed dif-
ferent stages of degeneration as darkened irregular shrunken
cell bodies of cells. Mitochondria were irregular and having
disrupted cristae. Nuclear irregularities were also detected
and extrusion of the nucleolus to the periphery (ﬁg. 6).
In the protected group, many pyramidal cells had regular
nuclear membrane, evident normally placed nucleoli and dis-Figure 5 Many pyramidal cells of the control group, with
regular nuclear membrane contour and dispersed chromatin. Scale
bar represents 2l (TEM, ·5000).persed chromatin. The cytoplasm showed plenty of free ribo-
somes, many parallel cisternae of rER and the structure of
mitochondria was intact with clear mitochondrial cristae
(Fig. 7).
4. Discussion
The present study showed an injurious impact of noise on the
structure of the hippocampus. This was manifested as a statis-
tically signiﬁcant reduction in the thickness of the pyramidal
cell layer and surface area of pyramidal cells in CA1 and
CA3 regions. There was also reduction in the granular cell
layer thickness and granular cell surface area of the DG in
the noise exposed group compared to the control group. The
histological alterations of the three examined regions in the
present work were in agreement with the experiments done
by many researchers.3,11 On the contrary, others19 found that
only CA1 was affected after exposure to noise of 40 dB and
1100 Hz for 1 h per day. This discrepancy might be due to
the use of a higher dose (100 dB) and wider spectrum of noise
in the present work and that of Manikandan et al’s study11
that led to the involvement of the three speciﬁed regions of
the hippocampus. The choice of the noise intensity level in
the present work was attributed to its known and documented
injurious nature to peripheral hearing. This was done by one of
the authors of the present work in unpublished doctoral
thesis,20 in addition to the work reported.21
Electron microscopic examination revealed degenerated
pyramidal cells with darkened shrunken cell bodies, nuclear
irregularities and disrupted mitochondrial cristae in the noise
Figure 7 Many neurons from the protected group showing
nuclei (N) with regular nuclear membrane, apparent nucleoli and
dispersed chromatin. Inset showing intact mitochondria (M) and
cisternae of rER (›) and plenty of free ribosomes (m). The scale
bar represents 2l. (TEM, ·5000; inset ·15,000).
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seen may eventually die and this is reﬂected as a decrease in cell
population and loosely packed neurons seen in the current
work. Cell degeneration and loss after noise exposure could
be due to the stressful effects of noise. It was found that noise
exposure, of any kind, that exceeds 90 dB was considered as a
stressor.22 Stress increases the activity of the hypothalamic–
pituitary–adrenal system.23 This elevates the cortisol level
which acts on its receptors that are abundant in the hippocam-
pus24 inducing hippocampal atrophy.25 Moreover, noise leads
to production of excessive reactive oxygen species (ROS)11
leading to direct oxidative DNA damage and activation of
apoptosis.26
Decreased cell thickness and loosely packed cells after noise
exposure might be also due to inhibition of adult neurogenesis.
This could be due to abnormal acoustic input to the brain,
either over-activity during noise exposure or changed activity
due to hearing loss.27 In addition, release of steroids after noise
stress may also inhibit the formation of new neurons in the
DG.28
Noise-induced insult on the hippocampus might have an
implication for central auditory processing disorders (CAPD),
especially memory related functions with consequent learning
disabilities.29 The opinion about the auditory effects of noise
should change from simple cochlear insult to a more widely
central involvement, especially when we know that neurogene-
sis and synaptogenesis are integral components in the process
of learning and memory.
Neurophysiological models of tinnitus including Jastreboff
model were based on some speculations.30 First, the auditory
system is closely connected with limbic system (responsible
for memory and emotions) and the autonomic nervous system(responsible for responses of body to states of stress and
danger). Second, connections within the nervous system are
continuously modiﬁed, resulting in the enhancement of signif-
icant signals, and a decreased response to irrelevant signals.
Third, sounds that are new, or associated with a negative expe-
rience, are treated as signiﬁcant (e.g. injurious noise). The rep-
etition of these sounds results in enhancement of their
perception and also a resistance to suppression by other sig-
nals. On the other hand, the repetition of signals not associated
with positive or negative emotional experiences results in the
disappearance of a response to their presence, i.e., habituation.
Tinnitus after noise exposure was previously thought to origi-
nate only from the aberrant neural discharge of damaged
cochlea or auditory nerve. However, recent neurophysiological
models of tinnitus postulated that non-auditory systems, par-
ticularly the limbic system (including hippocampus), are an
essential part of each case of troublesome tinnitus percep-
tion.31 The auditory pathways play a secondary role. Accord-
ing to this model the annoyance of tinnitus is determined
exclusively by the limbic and autonomic nervous systems.
The present results can suggest hippocampal lesion (cell death
and reduced layer thickness) as a possible role player in path-
ophysiology of many auditory dysfunctions such as tinnitus,
through storing the emotional memories of tinnitus or by con-
stant transmission of stored injurious auditory information to
auditory association areas.
The hippocampus and surrounding structures appear to be
most important in declarative memory (including auditory).
The ability to retain and recall episodic memories is highly
dependent on the hippocampus whereas the formation of
new declarative memories relies on both the hippocampus
and parahippocampus.32 The present study speculated that
cells that were spared after noise exposure remembered the
insult of the injurious stimulus that caused the death of their
counterparts.
Moreover, the involvement of CA3 region in the present
work after noise exposure might also explain the production
of tinnitus. CA3 is thought to be involved in auditory sensory
gating which prevents sensory overload and hence shares in
proper central auditory processing. Thus, CA3 is thought to
have a role in pathophysiology of tinnitus.9
Moreover, CA3 is postulated to participate in the rapid
encoding of new information. It has been hypothesized that
CA3 interacts with CA1 to recode and stabilize information in
neocortex, therefore serving the retrieval of information from
long-termmemory.33 Thus, the changes seen in CA3 in the pres-
ent work might also explain the extra-auditory effects of noise
such as learning and memory disturbances. Impairment of
learning and memory could also be due to a decrease in expres-
sion of synaptophysin in the hippocampus.5
Although it has not been reported (up to the recent state of
art) that Gb protected peripheral hearing from hazardous
noise, the current work showed that it protected the noise
exposed hippocampus, thus may reduce the extra auditory
effects of noise induced injury.
As Gb had a signiﬁcant role in the protection of noise
exposed hippocampus in the present work, it was also found
to be a useful tool in the treatment of many conditions in
which oxidative stress is a causative factor such as ischemia,
neurodegenerative diseases and aging process.34 It was sug-
gested that the neuroprotective effects of Gb are due to its anti-
oxidant effect, free radical scavenging activity12 and reduction
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noticed that Gb intake increased vascularity of different
hippocampus regions. This is similar to the study of Kleijnen
and Knipschild.36 They demonstrated that Gb enhanced vas-
cular blood ﬂow and exerted cerebral vasorelaxation, so it
might be useful in the treatment of cochlear deafness, senile
macular degeneration and peripheral arterial insufﬁciency.
In addition, Gb was also found to reduce the glucocorticoid
levels,37 so it had anti-stress properties,34 thus it could combat
stressful effects of noise exposure. In addition, Gb was postu-
lated to modify neurotransmission and improve cognition thus
could have a protective effects against various CNS insults,
such as ischemia, brain injury, and inﬂammation.38
These effects of Gb support its use in the treatment of noise
induced tinnitus. Moreover, possible beneﬁcial effects in many
central auditory disorders and learning disabilities related to
noise exposure and/or memory deﬁciencies are assumed.
5. Conclusion
The present research showed hippocampal cell injury after
noise exposure. This injury may explain some extra-auditory
of noise such as depression, anxiety, inability to concentrate,
disturbances in memory, learning disabilities as well as some
auditory effects such as tinnitus. The changes seen in CA3
noted in the present work might explain the appearance of tin-
nitus after noise exposure. The discovery of the protective
effects of Gb on hippocampus cell injury might carry prophy-
lactic effects against consequences of noise exposure. It should
be kept in mind that results obtained from experimental ani-
mals should be interpreted cautiously when applied to humans.
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